US009479290B2

a2 United States Patent

Jeong et al.

US 9,479,290 B2
Oct. 25, 2016

(10) Patent No.:
45) Date of Patent:

(54) METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING
INFORMATION IN A
BROADCASTING/COMMUNICATION
SYSTEM
Inventors:

(75) Hong-Sil Jeong, Seoul (KR);

Sung-Ryul Yun, Gyeonggi-do (KR)
(73)

Assignee: Samsung Electronics Co., Ltd (KR)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 568 days.

@

(22)

Appl. No.: 13/599,551

Filed: Aug. 30, 2012

(65) Prior Publication Data

US 2013/0055051 Al Feb. 28, 2013

(30) Foreign Application Priority Data

10-2011-0087464
10-2012-0005565

Aug. 30, 2011
Jan. 18, 2012

(KR)
(KR)

(51) Int. CL
HO3M 13/00
HO4L 1/00
U.S. CL
CPC

(2006.01)
(2006.01)
(52)
........... HO4L 1/0068 (2013.01); HO4L 1/0057
(2013.01); HO4L 1/0072 (2013.01); HO4L
1/0065 (2013.01); HO4L 2001/0093 (2013.01)
Field of Classification Search
CPC . HO4L 1/0068; HO4L 1/0072; HO4L 1/0057;
HO4L 1/0065; HO4L 2001/0093
USPC 714/782
See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

2003/0126548 Al 7/2003 Chapalain et al.

2004/0153959 Al 8/2004 Kim et al.

2005/0144543 Al 6/2005 Choi et al.

2005/0154958 Al* 7/2005 Xiaetal ...cocoernnene 714/752
(Continued)

FOREIGN PATENT DOCUMENTS

CN 101567697 10/2009
CN 101630989 1/2010
(Continued)

OTHER PUBLICATIONS
Douglas N. Rowitch and Laurence B. Milstein; On the Performance
of Hybrid FEC/ARQ Systems Using Rate Compatible
PuncturedTurbo (RCPT) Codes; IEEE Transactions on Communi-
cations, vol. 48, No. 6, Jun. 2000; p. 948-958.*

(Continued)

Primary Examiner — Bryce Bonzo

Assistant Examiner — Thien D Nguyen

(74) Attorney, Agent, or Firm — The Farrell Law Firm,
P.C.

(57) ABSTRACT

A method and apparatus are provided for transmitting and
receiving information in a broadcasting/communication sys-
tem. The method includes comparing a number of bits of an
information word to be transmitted with a predetermined
threshold value; if the number of bits of the information
word is less than the predetermined threshold value, deter-
mining a first parameter pair; if the number of bits of the
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old value, determining a second parameter pair; determining
a number of bits to be punctured based on one of the first
parameter pair and the second parameter pair; and punctur-
ing the determined number of bits to be punctured, with
respect to parity bits of a codeword generated by encoding
the information word.
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METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING
INFORMATION IN A
BROADCASTING/COMMUNICATION
SYSTEM

PRIORITY

This application claims priority under 35 U.S.C. §119(a)
to Korean Patent Application Serial Nos. 10-2011-0087464
and 10-2012-0005565, which were filed in the Korean
Intellectual Property Office on Aug. 30, 2011 and Jan. 18,
2012, respectively, the entire disclosure of each of which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to transmission
and reception of information in a broadcasting/communica-
tion system, and more particularly, to a method and appa-
ratus for controlling a code rate according to transmission
and reception of signaling information in a broadcasting/
communication system.

2. Description of the Related Art

A broadcasting/communication system may experience
poor link performance due to noise, a fading phenomenon,
and Inter-Symbol Interference (ISI). Thus, to implement
high-speed digital broadcasting/communication systems,
which require high data throughput and reliability, develop-
ment of a technique for overcoming noise, fading, and ISI is
essential. To address these issues, research is currently being
conducted on an error-correcting code, e.g., a Low-Density
Parity Check (LDPC) code, for improving the reliability of
broadcasting/communication by efficiently restoring distor-
tion of information to an original state.

More specifically, an LDPC encoder receives LDPC
information bits (or an LDPC information word or an LDPC
uncoded block) having K,,,. bits to generate LDPC coded
bits (or an LDPC code word, an LDPC codeword, or an
LDPC coded block) having N,,,.. bits. If the length of LDPC
information bits input to the LDPC encoder, K,,,,., is shorter
than the length of an input information bits (or input
information word) to be encoded, K,,, then a transmission
end performs encoding after a shortening process. If the
number of parity bits used by the transmission end, i.e., a
parity bit length, N, ... is shorter than the length of parity
bits output from the encoder, (N, N;;,~Kyp.), the
transmission end punctures the parity bits output from the
encoder by (NpariW_ijaﬁt )

If the shortening bit length increases, a code rate
decreases, such that Bit Error Rate (BER)/Frame Error Rate
(FER) performance may be improved in comparison to a
code before shortening. However, if the puncturing bit
length increases, a code rate also increases, such that the
BER/FER performance may be degraded in comparison to a
code before puncturing. Therefore, to maintain similar per-
formance regardless of the length of an information word for
system stability, a technique for selecting the appropriate
number of puncturing bits according to the length of an
information word is required.

SUMMARY OF THE INVENTION

Accordingly, the present invention is designed to address
at least the problems and/or disadvantages described above
and to provide at least the advantages described below.
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2

An aspect of the present invention is to provide a method
and apparatus for transmitting and receiving information in
a broadcasting/communication system.

Another aspect of the present invention is to provide a
method and apparatus for controlling a code rate in a
broadcasting/communication system.

Another aspect of the present invention is to provide a
method and apparatus for selecting a shortening/puncturing
rate according to a length of an information word in a
broadcasting/communication system.

Another aspect of the present invention is to provide a
method and apparatus for determining a number of bits to be
punctured according to a length of an input information
word in a broadcasting/communication system.

In accordance with an aspect of the present invention, a
method for transmitting information in a broadcasting/com-
munication system is provided. The method includes com-
paring a number of bits of an information word to be
transmitted with a predetermined threshold value, if the
number of bits of the information word is less than the
threshold value, determining a first parameter pair, if the
number of bits of the information word is not less than the
threshold value, determining a second parameter pair, deter-
mining a number of bits to be punctured based on one of the
first parameter pair and the second parameter pair, and
puncturing the determined number of bits to be punctured,
with respect to parity bits of a codeword generated by
encoding the information word.

In accordance with another aspect of the present inven-
tion, an apparatus for transmitting information in a broad-
casting/communication system is provided. The apparatus
includes an encoder for encoding an information word to be
transmitted and outputting a codeword; a controller for
comparing a number of bits of the information word with a
predetermined threshold value, determining a first parameter
pair, if the number of bits of the information word is less
than the predetermined threshold value, determining a sec-
ond parameter pair, if the number of bits of the information
word is not less than the predetermined threshold value, and
determining a number of bits to be punctured, based on one
of'the first parameter pair and the second parameter pair; and
a puncturer for puncturing the determined number of bits to
be punctured, with respect to parity bits of the codeword.

In accordance with another aspect of the present inven-
tion, a method for receiving information in a broadcasting/
communication system is provided. The method includes
comparing a number of bits of an information word trans-
mitted by a transmission end with a predetermined threshold
value, determining a first parameter pair, if the number of
bits of the information word is less than the predetermined
threshold value, determining a second parameter pair, if the
number of bits of the information word is not less than the
predetermined threshold value, determining a number of bits
to be punctured, based on one of the first parameter pair and
the second parameter pair, generating values corresponding
to bits punctured by the transmission end and padding the
generated values to a modulated signal of a received signal
to generate a decoder input by using the determined number
of bits to be punctured, and decoding the decoder input to
reconstruct information word bits.

In accordance with another aspect of the present inven-
tion, an apparatus for receiving information in a broadcast-
ing/communication system is provided. The apparatus
includes a demodulator for demodulating a received signal;
a controller for obtaining information about a number of bits
of an information word transmitted from a transmission end,
comparing the number of bits of the information word
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transmitted by the transmission end with a predetermined
threshold value, determining a first parameter pair, if the
number of bits of the information word is less than the
predetermined threshold value, determining a second param-
eter pair, if the number of bits of the information word is not
less than the predetermined threshold value, and determin-
ing a number of bits to be punctured, based on one of the first
parameter pair and the second parameter pair; a puncturing
processor for generating values corresponding to the bits
punctured by the transmission end by using the determined
number of bits to be punctured, and padding the generated
values to an output signal of the demodulator; and a decoder
for receiving and decoding output values of the puncturing
processor to reconstruct information word bits.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the present invention will be more
apparent from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a graph illustrating a change in a code rate
according to an embodiment of the present invention;

FIGS. 2 and 3 are graphs illustrating efficiency of an
LDPC code according to an embodiment of the present
invention;

FIG. 4 is a graph illustrating a change in an effective code
rate according to an embodiment of the present invention;

FIG. 5 is a graph illustrating efficiency of an LDPC code
according to an embodiment of the present invention;

FIG. 6 is a flowchart illustrating a procedure for punc-
turing parity bits based on an information bit length accord-
ing to an embodiment of the present invention;

FIG. 7 is a diagram illustrating a frame structure for
transmitting two types of parity bits according to an embodi-
ment of the present invention;

FIG. 8 is a diagram illustrating a structure of an LDPC
code for supporting transmission of parity bits according to
an embodiment of the present invention;

FIG. 9 is a graph illustrating a change in an effective code
rate according to an embodiment of the present invention;

FIG. 10 is a flowchart illustrating a procedure for deter-
mining a number of two types of parity bits according to an
embodiment of the present invention;

FIG. 11 a block diagram illustrating a transmission end
according to an embodiment of the present invention; and

FIG. 12 is a block diagram illustrating a receiving end
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Various embodiments of the present invention will be
described in detail below with reference to the accompany-
ing drawings. Well-known functions and structures will not
be described if they may unnecessarily obscure the subject
matter of the present invention. Further, the terms used
herein are defined based on functions in the present inven-
tion and may vary according to users, operator intention, or
usual practices. Therefore, definitions of the terms should be
made based on the content throughout the specification.

Although the following description of the present inven-
tion is based on a Digital Video Broadcasting the 2"¢
Generation Terrestrial (DVB-T2) system, which is the
Europe digital broadcasting standard, and a Digital Video
Broadcasting Next Generation Handheld (DVB-NGH) sys-
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tem, which is being currently standardized, the present
invention is equally applied to other systems.

Additionally, although the following description controls
a code rate corresponding to transmission of signaling
information, the present invention is also applicable to the
transmission of other information.

In a transmission end of a broadcasting/communication
system, an LDPC encoder receives K, LDPC information
bits, generates N,,,,,,,, parity bits, and outputs N, (ZK, .+
N, i) LDPC coded bits. In the following description, for
convenience’ sake, the input and output of “bits” will be
described, but the same description is also applied to the
input and output of symbols.

When signaling bits of a variable length are input to an
encoder, a transmission end may perform shortening and/or
puncturing (hereinafter referred to as “shortening/punctur-
ing”). That is, if a length of LDPC information bits of the
LDPC encoder is K,,,.. and signaling bits having a bit length
of K,,, are input to the LDPC encoder, (K,,,.~K,,,) bits are
shortened. Herein, shortening means padding (K,,,.-K,,,)
‘0’ bits to the signaling bits for LDPC encoding, and after
LDPC encoding, deleting the padded ‘0’ bits, or reducing the
size of a parity check matrix of the LDPC encoder, which
has the same effect as shortening based on the padding and
deletion. Further, puncturing means excluding some of
encoding bits, especially, parity bits, from a transmission.

The transmission end of the broadcasting/communication
system may use two concatenated encoders. For example, an
encoder that concatenates a Bose, Chaudhuri, Hocquenghem
(BCH) code with an LDPC code, i.e., a BCH/LDPC encoder,
receives BCH information bits (BCH information or infor-
mation bits) having K, ;, bits and outputs BCH coded bits (or
BCH codeword or a BCH coded block) having N,_, bits.
Ny, is equal to the number of LDPC information bits, K,
and the N,_, bits may also be referred to as LDPC infor-
mation bits (or an LDPC uncoded block), which is infor-
mation input to the LDPC encoder. The BCH coded bits, i.e.,
the LDPC information bits, are input to the LDPC encoder
and are output as LDPC coded bits, an LDPC coded block,
or an LDPC codeword having a length of N,,...

When an information word, which includes signaling bits
having a variable length, is input to an encoder, a transmis-
sion end performs shortening/puncturing with respect to a
codeword output from the encoder. That is, signaling bits
having a bit length of K, are input to the BCH/LDPC
encoder and (K, ,-K,,.) bits are shortened. As described
above, shortening means that (K, ,-K,,,) ‘0" bits are padded
to the input signaling bits and are BCH/LDPC encoded, and
then the padded ‘0’ bits are deleted.

As described above, shortening reduces a code rate, such
that as the number of bits to be shortened (i.e., a shortening
bit length) increases, encoding performance improves. How-
ever, when signaling information is encoded, it is preferable
that encoding performance should not vary with the length
of input information. That is, when reception power in a
receiver is constant, it is preferable that performance should
not differ with the length of input information word. There-
fore, by adjusting the number of bits to be punctured (i.e., a
puncturing bit length) according to the number of bits to be
shortened, stable encoding performance is provided. The
number of bits to be punctured is determined according to a
bit length of input information word, i.e., a bit number of the
input information word, such that the number of bits to be
punctured depends on the bit number of the input informa-
tion word.



US 9,479,290 B2

5

Hereinbelow, embodiments for determining an input
parameter used for puncturing, i.e., the number of bits to be
punctured, N,,,,.., will be described.

In one embodiment, N,,,,,. may be calculated using one of
Equations (1) to (4).

Equation (1) is used when a BCH code is concatenated
and Equation (2) is used when a BCH code is not concat-
enated. That is, when the BCH code is concatenated, the
number of bits to be shortened is (K,,-K,,.), such that
N may be calculated using Equation (1).

punc

Npine=| 4% (K 3~K ;)-B] where 0=B

fpunc™ &
When the BCH code is not concatenated, the number of
bits to be shortened is (K,;,.~K,;,), such that N, ,, . may be

punc
calculated using Equation (2).

N, 7[A><(szpc— i)~ B | where 0<B

fpune™ @

In Equations (1) and (2), A indicates a rate of the number
of bits to be shortened to the number of bits to be punctured,
and (K,,-K,;.) and (K, ~K,;,) indicate the number of bits
to be shortened. K, , indicates the number of BCH infor-
mation bits (i.e., an information bit length) input to generate
BCH coded bits including K, .. bits through BCH encoding.
K, indicates the number of LDPC information bits input
to generate the LDPC coded bits. K, indicates a bit length
of an information word input to the encoder before short-
ening B indicates a correction factor. The operation |x|
indicates a floor function and means the largest integer less
than or equal to x.

When the number of bits to be punctured is calculated
based on Equations (1) or (2), a lower code rate can be
obtained than when shortening and puncturing are not
performed. In the foregoing description, if B is 0, it can be
omitted.

Alternatively, when N,,,,,. is calculated using Equations
(3) or (4), a lower code rate can be obtained than when
shortening and puncturing are not performed.

More specifically, when the BCH code is concatenated,
the number of bits to be shortened is (K,.,-K,;,), such that
N may be calculated using Equation (3).

punc

Npune™ [AX(Kbch—Ksig)"'B ]

punc”

where 0SB<N,; 3

When the BCH code is not concatenated, the number of

bits to be shortened is (K,;,.~K,;,), such that N, ,, . may be
calculated using Equation (4).

~A(Kyper~Kiig_min)

N,

punc

=l4x KigpeK i)t B ]

sig

where 0=N,,,;,; 4

In Equations (3) and (4), A indicates a rate of the number
of bits to be shortened to the number of bits to be punctured,
and (K,,-K,;.) and (K;,,.~K,;,) indicate the number of bits
to be shortened. K, , indicates the number of BCH infor-
mation bits (i.e., an information bit length) input to generate
BCH coded bits composed of K,,,. bits through BCH
encoding. K,,,.. indicates the number of LDPC information
bits input to generate the LDPC coded bits. K, indicates a
bit length of an information word input to the encoder before
shortening B indicates a correction factor. K, ,,,, indicates
a bit length of the shortest information word among infor-
mation words that can be input to the encoder.

In Equations (3) and (4), N,,,,,... is smaller than the number
of parity bits, N,,,,.,., only when a condition of B<N,,
AKyppe=Koig min) 18 satisfied.

In Equations (1) to (4), N,,,,,,. may change according to the

parameters A and B. Accordingly, a code rate may change

~AK K.

sig_m in)

arity”
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6

according to A and B. When K. bits are input and N, ;.
coded bits are output, a code rate of an LDPC code, R, may
be calculated using Equation (5).

Koo 5

& K )
Nigpe

For K, input information word bits, an effective code

rate R _ after shortening and puncturing is calculated using
Equation (6).

Ksig

Ksig + Noch_parity + (Nparity = Npunc)

©

Ry =

In Bquation (6), N,,;, .., indicates the number of parity
bits of a BCH code, which is 0 when a BCH code is not used.

FIG. 1 is a graph illustrating a change in an effective code
rate according to an embodiment of the present invention.
Specifically, FIG. 1 illustrates a change in a code rate for
K,;=2100, K,,,.=2160, and N, =8640, when A=1.35 and
B=3320 are applied to Equation (3) and when A=1.32 and
B=3320 are applied to Equation (3). As is shown, a code rate
for transmission of information varies with A, ie., as A
increases, a code rate also increases.

FIG. 2 illustrates a Frame Error Rate (FER) of a codeword
with respect to various information bit lengths of 280, 396,
880, 1350, 1550, 1670, and 1900 for A=1.35 and B=3320.

Referring to FIG. 2, when the number of input informa-
tion bits, K, , is 280, performance degradation occurs.
Therefore, for FER=10e-4, a performance difference
between the best performance and the worst performance is
0.7 dB.

FIG. 3 illustrates an FER of a codeword with respect to
various information bit lengths of 280, 396, 880, 1350, 1550,
1670, 1900 for A=1.32 and B=3320.

Referring to FIG. 3, a code rate is lower than that in FIG.
2, such that overall performance improvement is achieved.
In particular, when the number of input information bits,
Kig» 1s 1350, performance is much better than in other cases.
It can also be seen that for FER=10e-4, a performance
difference between the best performance and the worst
performance is 0.7 dB.

As described above, it is preferable that encoding perfor-
mance does not differ much with an input information bit
length. Thus, a method for adjusting A and B in Equations
(1) to (4) according to an input information bit length is
required.

Therefore, in accordance with an embodiment of the

present invention, N,,,,,.. is determined using Equations (7)
and (8).
If Ky < Ko )
Npunc = LA X (Kpe, = Ksig) + By |
else
Npune = | A2 X (Kpen — Kisig) + B2
If Kxig < K (8)

Npune = L A1 X (Kigpe — Ksig) + Bi]
else
Npunc = LA2 X (Kigpe = Ksig) + Ba |
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In Equations (7) and (8), different values of A and B, i.e.,
A, and B, or A, and B, are used according to an input
information bit length.
If B, is integer, the Equation (7) can be modified to the
following Equation (7a).
Nprine=dx (KperKig) 4B,

punc”

(72)

If A;=C+D (where C is integer and D is real number), the
Equation (7) can be modified into Equation (7b).

Npune™ l4 lx(Kbch_Ksig)J+Bl =Cx(Kpen— sig)+|.Dx
Kper—Koig)|+B,

iz (7b)

Also, the Equation (8) can be modified in similar to the
Equations (7a) and (7b).

In Equations (7) and (8), a case of an input information bit
length being less than a predetermined threshold value K,
and a case of the input information bit length being greater
than the threshold value K, are divided. However, a plu-
rality of threshold values may be used to divide a case of the
input information bit length, such that two or more pairs of
A and B may be used.

K,, may be experimentally determined not to cause an
encoding performance difference with N,,,,,.. In particular, a
value corresponding to a case where performance is rela-
tively good or a case where performance is relatively bad is
determined as K,,,. In addition, different parameter pairs (A,
B,) and (A,, B,) are determined such that for K =K,,
N, values are equal to each other.

As described above, the number of bits to be punctured is
preferably adjusted according to the number of bits to be
shortened, and the number of bits to be shortened is deter-
mined according to a bit length of an input information
word. Thus, A, and A, indicating ratios of the number of bits
to be shortened to the number of bits to be punctured may
be constant values determined according to a bit length of an
input information word. Therefore, B, and B, may be deter-
mined as constant values.

Once N,,,,,,.. is determined as described above, the trans-
mission end punctures parity bits among coded bits gener-
ated by encoding input information bits with N, .

FIG. 4 is a graph illustrating a change in an effective code
rate according to an embodiment of the present invention,
where A=1.35 and B=3320 in Equation (3), and A=1.32 and
B=3320 in Equation (3) are compared with using Equations
(7) and (8), which is indicated as “proposed”.

Specifically, “proposed” indicates that K, _,=2100,
K, pe=2160, N, =8640, A,=13, B,=3357, A,=135,
B,=3320, and K,,=1350 are applied to Equation (7). As
illustrated in FIG. 4, when K, is more than 1350, which is
equal to K,,,, the “proposed” case shows the same code rate
as when A=1.35 and B=3320 in Equation (3).

FIG. 5 is a graph illustrating an FER according to an
embodiment of the present invention. Specifically, FIG. 5§
illustrates FER performance with respect to various infor-
mation bit lengths of 280, 396, 880, 1350, 1550, 1670, and
1900.

Referring to FIG. 5, for an input information bit length of
280, a code rate is lower than illustrated in FIG. 2, such that
performance is better. For an input information bit length of
1350, a code rate is higher than illustrated in FIG. 3, such
that performance degradation occurs. Therefore, an overall
performance difference is 0.3 dB and an encoding perfor-
mance difference is reduced when compared to FIGS. 2 and
3.

In the description above, the number of bits to be punc-
tured, N is calculated by using the foregoing equations.

PUNC)

However, in the following description, a value obtained
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using the foregoing equations is assumed to be a temporary
value of N, ie., a temporary number of bits to be
punctured, N,,,,.. /0., and through several processes, N,
is obtained more precisely.

In accordance with an embodiment of the present inven-
tion, the transmission end, when performing puncturing by
using N,,,,., may more precisely adjust N, . according to
additional parameters, e.g., the number of BCH parity bits,
a modulation order, etc. Hereinafter, a procedure for calcu-
lating the final number of bits to be punctured using
N, e semp Will be described.

Step 1:
The temporary number of bits to be punctured, N, ... sensp
is calculated using Equation (9), which is substantially the
same as the above-described Equation (7) and the descrip-

tion related thereto.

If Kug < 1350, |1.3X (Kper — Kuig) + 3357] ©)

Npunc_temp = . ,
punc_temp { Otherwise, [ 1.35 X (Kper — Ksig) + 3320

An LDPC code concatenated with a BCH code is used,
and in Equation (9), values (A, B,)=(1.3, 3357) and (A,,
B,)=(1.35, 3320) of FIG. 4 are used.

Step 2:

The temporary number of bits to be encoded, N,,
is calculated using N

punc_temp

ost_temp?

as shown in Equation (10).

N,

post_temp=KsigtNoch_parietN1dpe_parity_ext_ak—

(10)

N, punc_temp

In Equation (10), K, indicates the number of input
information bits as described above, and for example, it may
indicate the number of signaling information bits. N, i,
indicates the number of BCH parity bits, and
Nidpe pariey exe ax indicates a constant value determined
according to a type of an LDPC code.

Step 3:

Taking N,,..; /.., a0d a modulation order into account, the
final number of bits to be encoded (a bit number of each
LDPC block) is calculated using Equation (11a):

(11a)

N post_temp
2nmop

Npost = [ X2nmop

In Equation (11a), M,,op indicates a modulation order,
which is 1, 2, 4, and 6 for Binary Phase Shift Keying
(BPSK), Quadrature PSK (QPSK), 16-ary Quadrature
Amplitude Modulation (16-QAM), and 64-ary QAM (64-
QAM), respectively.

Determining the number of encoded bits of each infor-
mation word block, N, . as shown in Bquation (1la),
causes N, to be a multiple of the number of columns of a
block interleaver. The block interleaver, although not being
shown and additionally described, is used when bits of each
LDPC block is bit-interleaved later.

When the block interleaver is not used, for example, when
only BPSK and QPSK are used, Equation (11a) can be
converted into Equation (11b).

(11b)

N post_temp
—— | XNmop

Npast = [ Hmop
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Step 4:
The number of bits to be punctured among parity bits of
each LDPC block, N is calculated using Equation (12).

PUNC)

N,

punc” -

N, N,

punc_semp™WNpost

-N. )

'post_temp.

12

FIG. 6 is a flowchart illustrating a procedure for punc-
turing parity bits based on an input information bit length
according to an embodiment of the present invention.

Referring to FIG. 6, in step 600, the number of input
information bits including signaling information for trans-
mission (i.e., an input information bit length) is determined.
In step 602, the transmission end checks parameters for
calculating the number of bits to be punctured, ie., a
puncturing bit length. That is, the transmission end deter-
mines whether to select (A,, B;) or (A,, B,) according to the
input information bit length using Equations (7) and (8).
Although not shown, one of two or more predetermined
parameter pairs may be selected according to the input
information bit length. Alternatively, in step 602, the trans-
mission end may obtain parameter values (A, B,)=(1.3,
3357) or (A,, B,)=(1.35, 3320) to be used in Equation (9)
according to a result of comparison of the input information
bit length with a predetermined threshold value of 1350.

In step 604, the number of parity bits to be punctured (i.e.,
a puncturing parity bit length) is calculated based on the
determined parameters, e.g., using Equations 7 and 8 or
Equations (9) to (12). In step 606, parity bits of a codeword
are punctured based on the calculated puncturing parity bit
length.

The parity bits generated with respect to the signaling bits,
which are the input information bits, may be transmitted in
a distributed manner through the same frame as a frame in
which the signaling bits are transmitted and a preceding
frame. The parity bits transmitted through the same frame as
that which carries the signaling bits will be referred to herein
as a first parity, and the parity bits transmitted through the
preceding frame will be referred to herein as a second parity
or an additional parity.

FIG. 7 is a diagram illustrates a frame structure for
transmitting two types of parity bits according to an embodi-
ment of the present invention.

Referring to FIG. 7, Layer-1 signaling bits are transmitted
through an i frame 702; a first parity 710 generated for
signaling bits is transmitted through the i frame 702,
together with the signaling bits; and an additional parity 712
is transmitted through an (i-1)” frame 700.

In accordance with an embodiment of the present inven-
tion, a reception end performs decoding based on the sig-
naling bits and the first parity 710 received through the i”
frame 702. If decoding fails, the reception end also performs
decoding using the additional parity 712 received through
the (i-1)” frame 700.

In accordance with another embodiment of the present
invention, if decoding with respect to the signaling bits and
the first parity 710 fails, the reception end determines that
decoding with respect to the signaling bits fails, stores an
additional parity included in the i* frame 702, and then
receives an (i+1)” frame.

In accordance with yet another embodiment of the present
invention, the reception end stores the additional parity 712
received through the (i-1)” frame 700 at all times, and
performs decoding based on the signaling bits and the first
parity 710 received through the i frame 702 and the stored
additional parity 712.

Herein below, a method for determining the number of
additional parity bits will be described in more detail.
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In accordance with an embodiment of the present inven-
tion, the number of additional parity bits may be expressed
using Equation (13).

N, add.

 pariny=0T1 N, 1={o1, ..., -1} (13)

In Equation (13), o], indicates a ratio of the number of
first parity bits to the number of additional parity bits, where
o is a fixed value, I, may be selected between 0 and L-1, and
L1 indicates an [.1 additional parity ratio. I, may be trans-
mitted through separate signaling ‘L.1_AP_RATIO’. When
=0, additional parity bits are not used. N, ,,,,,,, indicates
the number of parity bits transmitted through the same frame
as that for an information word (i.e., the first parity bits), and
may also mean the number of parity bits to be actually
transmitted. In this case, N, may be calculated as
Npar’ity_Npunc'

FIG. 8 is a diagram illustrating an LDPC code for
supporting parity transmission according to an embodiment
of the present invention.

Referring to FIG. 8, an LDPC codeword includes K.
LDPC information bits 800, N,, ., parity bits 802, and M
Incremental Redundancy (IR) parity bits 804. For conve-
nience, the N, ., parity bits 802 and the M, IR parity bits
804 are collectively referred to herein as parity bits. The
structure of the LDPC code illustrated in FIG. 8 is designed
considering the parity bits 802. Therefore, in puncturing, the
IR parity bits 804 are punctured. The LDPC code of FIG. 8
may be expressed as parity bits, without discrimination
between the parity bits 802 and the IR parity bits 804.

To encode signaling bits 806, the LDPC information bits
800 may include the signaling bits 806, parity bits 807 for
a BCH code, and ‘0’ padding bits 808 for shortening. The
parity bits 802 and the IR parity bits 804 include non-
punctured parity bits 810, and punctured parity bits 812.
Herein, a detailed position (i.e., an index) of each bit is not
relevant to the subject matter of the present invention, i.e.,
which bits between the parity bits 802 and the IR parity bits
804 are to be punctured and which bits therebetween are not
to be punctured. Accordingly, a specific puncturing pattern,
will not be described herein.

The parity bits 807 of the BCH code exist when a
concatenated code of the BCH code and the LDPC code is
used, and the BCH parity bits 807 will be omitted when only
the LDPC code is used.

The signaling bits 806, the BCH parity bits 807, and the
non-punctured parity bits 810 form a first part 814, which is
later transmitted through the i frame 702, as illustrated in
FIG. 7. Some of the punctured parity bits 812 form an
additional parity 816, which is later transmitted through the
(i-1)" frame 700, as illustrated in FIG. 7. That is, some of
the punctured parity bits 812 are the same as the additional
parities 807 and 712.

The additional parity 708 may be determined a number of
ways. For example, the punctured parity bits 812 may be
preferentially selected as an additional parity.

For K,,,=2100, K,,,,=2160, N, =4320, and M,,=4320,
Ripe Kigpe/ Nppa =2 and Rpp=K, ), J(N, g M, )= In
this case, according to an embodiment of the present inven-
tion, N may be calculated, based on Equation 7, using

punc

Equation (14) below.

_parity

Ix_parity

If K, < 1350 14
Npune = 1.3 X (Kpen — Ksig) +3357]

else

Npune = 11.35 X (Kpen — Kiig) +3320]
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In Equation (14), A,=1.3, B,=3357, A,=1.35, B,=3320,
and K,,=1350. Therefore, among the parity bits 802 and the
IR parity bits 804, N,,,,,,.. parity bits based on Bquation (14)
are punctured.

In accordance with another embodiment of the present
invention, N,,,,,,.. parity bits obtained based on N,,,,,... 1., OF
Equation (9), using Equations (10) to (12), may be punc-
tured.

Detailed values of parameters used to calculate N, may
be determined according to a modulation scheme used for
transmission and the number of Orthogonal Frequency Divi-
sion Multiplexing (OFDM) symbols. For example, when
2"—Quadrature Amplitude Modulation (QAM) is used as a
modulation scheme, the number of bits to be transmitted,

(Ksig+Nbch ﬁpamy+Npamy+M,R—prc) is a multiple of n.
Herein, K, indicates the number of input signaling infor-

mation bits, N, ;4. indicates the number of parity bits of
a BCH code, and n indicates an order of a modulation
scheme.

The number of bits of the additional parity 712 of FIG. 7
or the additional parity 816 of FIG. 8 may be calculated
using Equation (15).

Nadd_parity = 0.35 11 (N pariry + Mip = Npune) 1 =10, 1, 2, 3} (15)

=0.35-1;- (6480 = Npyne)

In Equation (15), I,=0, 1,=1, 1,=2, and 1,=3. Further,
a=0.35 is applied to Equation (13), where o is a value
selected to satisfy Equation (16) below.

a:maxx{x\(x-lbﬁl)-(Npari,y+M,R—A2-(Kbch—

Kiig max)=B2) Nparin Mg}

(16)

That is, a is determined to be a maximum value among
values in which a sum of the number of first parity bits,
Ny parin» and the number of additional parity bits,
N, s parir» Which are transmitted when I, is the maximum
value 1, , and K, is the maximum length among input
information bits, K,;, ... that is, (N ,urin+Nowa parisy) 18
maximal and the sum is less than (N, +Mz).

When the maximum length among the input information
bits, K, .o 15 2100, N, =3320, such that
Nu parin=3160, and when I, is the maximum value
I071373, Nows parin=0.35x3x3160=3318, such that
Ni parin*N, =6478, which is less than N +
M,,=6480.

add_parity ‘parity

Hereinafter, an embodiment for obtaining more precise
N, s pariry cOnsidering a modulation scheme used for trans-
mission based on N, ;; .., obtained through the foregoing
equations will be described.

Equation (16) assumes that the BPSK modulation scheme
is used. That is, a. is determined such that the number of first
parity bits and the number of additional parity bits trans-
mitted when using the BPSK modulation scheme is used is
less than N,,,,,,,+M 5. Therefore, when another modulation
scheme, e.g., QPSK, 16-QAM, or 64-QAM is used, correc-
tion with respect t0 N, ;4 18 required such that the
number of first parity bits and the number of additional
parity bits is less than N,,,,,,,,+M. Therefore, the number of
temporary additional parity bits may be obtained using
Equation (17).

Nadd

|_parity_temp

(N iy Npn)-L0. 35K N~ -

' punc.

In Equation (17), K indicates an .1 additional parity ratio,
and is another expression of I, from Equations (13) and (15).
In accordance with an embodiment of the present invention,
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K may be transmitted from the transmitter to the receiver
through signaling ‘L1_AP_RATIO’. For example,

‘L1_AP_RATIO’ is a 2-bit parameter, and when this param-
eter is ‘00°, K=0; for the parameter of ‘01°, K=1; K=2 for the
parameter of ‘10’; and K=3 for the parameter of “11°.

Taking N,,z; pariey remp ©f Bquation (17) and a modulation
order, the final number of additional parity bits may be
calculated using Equation (18a).

Nac_porit_semp (18)

X 2nmop

Nada_pariy = [ 2nmop

In Equation (18a), M,,0op indicates a modulation order,
which is 1, 2, 4, and 6 for BPSK, QPSK, 16-QAM, and
64-QAM, respectively.

The number of additional parity bits, N,z a0, 18
adjusted in Equation (18a) to cause N,;; ..., 0 be a
multiple of the number of columns of the block interleaver.
The block interleaver is used when each bit of the additional
parity is bit-interleaved.

When the block interleaver is not used, e.g., when only
BPSK and QPSK are used, Equation (18a) can be converted
into Equation (18b).

Nact_porit semp (18b)

Xnmop

Nada_pariy = [ nMop

N, ia pariry 18 determined according to the number of
OFDM symbols used for transmission.

Information about the number of additional parity bits can
be transmitted from the transmitter to the receiver through a
signaling parameter ‘L.1_AP_SIZE’. If a plurality of LDPC
coded blocks are used for transmission, L1_AP_SIZE indi-
cates a product of the number of coded blocks and
N parin For example, when two coded blocks are used,
‘L1_AP_SIZE’ may indicate 2xN,;; ,4.:,- The receiver
may know the number of additional parity bits from that
signaling parameter.

FIG. 9 is a graph illustrating a code rate when a number
of additional parity bits is calculated using Equation (15),
according to an embodiment of the present invention.

Specifically, the code rate is calculated using Equation

(19).

Ksig

Ksig + Nix_parity + Nadd_parity

R a9

In Equation (19), N, 4, indicates the number of parity
bits of the first part 814 of FIG. 8, and N, +M;z—
N, =0480-N,, ... N s parsr, indicates the number of addi-
tional parity bits of the part 816 of FIG. 8.

In FIG. 9, Additional Parity (AP)=0 corresponds to a code
rate for I,=0 in which the additional parity is not used, AP=1
corresponds to a code rate for I,=1, AP=2 corresponds to a
code rate for ,=2, and AP=3 corresponds to a code rate for
1,=3.

In accordance with another embodiment of the present
invention, the IR parity bits 804 of the LDPC code in FIG.
8 may be selectively used. That is, the parity bits 802 are
preferentially generated for input information word bits, and
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the IR parity bits 804 may be generated only when the IR
parity is necessary, thereby improving encoding/decoding
efficiency.
As described above, the parity bits 802 are preferentially
generated for input information bits, and for the parity bits
802, N may be calculated based on Equation (7), as

punc

shown in Equation (20).

if Kyg < 1350 20)
Npune = 1.3 X (Kpen — Kiig) — 963]

else
Npune = 11.35 X (Kpe, = Ksig) = 1000]

In Equation (20), if N, is a positive integer, only the
parity bits 802 are generated and only N,,,,,,.. parity bits of the
parity bits 802 are punctured. However, if N, is a negative
value, both the parity bits 802 and the IR parity bits 804 are
generated, and then only (Mz+N,,,,.) bits of the IR parity
bits 804 are punctured.

According to another embodiment of the present inven-
tion, N,, .. (obtained using Equations (10) to (12), based on
Equation (20)) parity bits are punctured.

FIG. 10 is a flowchart illustrating a procedure for deter-
mining a number of two types of parity bits according to an
embodiment of the present invention.

Referring to FIG. 10, in step 1000, the number of parity
bits to be punctured is calculated using Equations (7) and (8)
or Equations (9) to (12). In step 1002, parameters, c, [, and
N, pariy, Which are used in Equations (13), (15), and (17),
are determined. In step 1002, already-determined o or I, may
be used, and I, is expressed as K in Equations (17) and (18).
As described above, K may be indicated by separate sig-
naling ‘L1_AP_RATIO’.

In step 1004, the number of additional parity bits,
N, s pariry 18 determined based on Equation (13) or Equa-
tions (17) and (18), using the parameters determined in step
1002. In step 1006, the additional parity bits are configured
according to the calculated number of additional parity bits.

FIG. 11 is a block diagram of a transmission end accord-
ing to an embodiment of the present invention.

Referring to FIG. 11, the transmission end includes an
encoder 1101, a puncturer 1103, a controller 1105, a modu-
lator 1107, a Radio Frequency (RF) unit 1109, and selec-
tively, an additional parity configuring unit 1111.

The encoder 1101 outputs encoded bits generated by
encoding information word bits for transmission. For
example, when a BCH/LDPC code is used, the encoder 1101
encodes BCH information bits having K, _,, bits to generate
a BCH codeword having K,,,. bits. Thereafter, the encoder
1101 performs LDPC-encoding on the BCH codeword, thus
generating and outputting an LDPC codeword having N, ;...
bits.

Alternatively, the encoder 1101 generates and outputs an
LDPC codeword having (N,,.+M,z) bits.

Although not illustrated, the BCH information bits having
K. bits may be configured by padding (K,,-K,,,) 0’ bits
into K, input information bits. The padded (K, ,-K,) ‘0’
bits are not to be transmitted.

The puncturer 1103 punctures a codeword provided from
the encoder 1101 according to a puncturing pattern and a
puncturing bit length (K,.,~K,;.), which are provided from
the controller 1105. The controller 1105 calculates the
puncturing bit length according to the number of informa-
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tion bits to control the puncturer 1103. For example, the
controller 1105 determines A and B according to the number
of input information bits (or the number of signaling bits) for
transmission at the transmission end, and provides the
determined A and B to the puncturer 1103.

Alternatively, the controller 1105 obtains the number of
bits to be punctured from the determined parameters A and
B, and provides the obtained number of bits to be punctured
to the puncturer 1103. The modulator 1107 modulates,
according to a corresponding modulation scheme, and out-
puts a signal provided from the puncturer 1103. The RF unit
1109 converts the modulated signal provided from the
modulator 1107 into a high-frequency signal and transmits
the high-frequency signal through an antenna.

If additional parity bits are to be transmitted, the control-
ler 1105 determines the number of additional parity bits, as
illustrated in FIG. 10, and provides the determined number
of additional parity bits to the additional parity configuring
unit 1111. The additional parity configuring unit 1111 con-
figures the additional parity bits and provides them to the
modulator 1107. It should be noted that additional parities
generated in the current frame are transmitted through a
previous frame.

Assuming (N4, K;y,.) LDPC encoding, (K,,,.-K;,.)
bits are shortened for an input information bit length K, . If
a BCH code is concatenated, (K,;,-K,;,) bits are shortened
for a BCH information bit length K,_,.

FIG. 12 is a block diagram of a reception end according
to an embodiment of the present invention.

Referring to FIG. 12, the reception end includes an RF
unit 1200, a demodulator 1202, a shortening/puncturing
processor 1204, a decoder 1206, a controller 1208, and
selectively, an additional parity processing unit 1210.

The RF unit 1200 receives a signal transmitted from the
RF unit 1109 of the transmission end and provides the signal
to the demodulator 1202.

The demodulator 1202 demodulates the signal provided
from the RF unit 1200 by utilizing a demodulation scheme
corresponding to a modulation scheme used in the modula-
tor 1107 of the transmission end. For example, the demodu-
lator 1202 obtains a Log Likely Ratio (LLR), by taking a log
of a ratio of a probability of each bit being 1 to a probability
of each bit being 0 for each of shortened/punctured encoded
bits and additional parity bits transmitted from the modula-
tor 1107, and provides the obtained LLR to the shortening/
puncturing processor 1204 and the additional parity pro-
cessing unit 1210. The additional parity processor 1201 is
optional, in that it is not used when additional parity is not
received.

The shortening/puncturing processor 1204 receives an
output signal of the demodulator 1202, generates values
corresponding to shortening and puncturing with respect to
the bits shortened and punctured by the transmission end,
and pads the values to the output signal of the demodulator
1202. For example, for a shortened bit, an LLR value is the
(+) or (=) maximum value among a decoder input value, and
for a punctured bit, an LLR value is ‘0’. The shortening/
puncturing processor 1204 receives information about the
number of shortened and punctured bits and index from the
controller 1208. That is, the controller 1208 calculates a
puncturing bit length according to the number of informa-
tion bits of the encoder 1101 of the transmission end and
controls the shortening/puncturing processor 1204.

For example, the controller 1208 determines A and B
according to the number of bits of signaling information for
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transmission at the transmission end, as illustrated in FIG. 6,
and provides the determined A and B to the shortening/
puncturing processor 1204.

Alternatively, the controller 1208 obtains the number of
bits to be punctured from the determined parameters A and
B and provides the obtained number of bits to be punctured
to the shortening/puncturing processor 1204. Information
about the number of input information bits input to the
encoder of the transmission end may be transmitted to the
controller 1208 of the receiver through, for example, addi-
tional signaling.

The decoder 1206 receives and decodes output values of
the shortening/puncturing processor 1204 to reconstruct
information word bits. For example, when a BCH/LDPC
code is used, the decoder 1206 receives N, . or (N, +M;z)
LLR values and performs LDPC-decoding thereon to recon-
struct K, bits, and then reconstruct K, information word
bits through BCH decoding.

When additional parity bits are transmitted, the controller
1208 determines the number of additional parity bits, as
illustrated in FIG. 10, and provides the determined number
of additional parity bits to the additional parity processing
unit 1210. The additional parity processing unit 1210
receives LLR values for the additional parity bits generated
by the transmission end from the demodulator 1202 and
provides the LLR values to the decoder 1206. The decoder
1206 performs decoding by using both the values provided
from the shortening/puncturing processor 1204 and the
values provided from the additional parity processing unit
1210. It should be noted that additional parities received in
the current frame are used in decoding of the next frame
according to processing at the transmitter. That is, in decod-
ing of a code received in the current frame, additional parity
bits received in the previous frame are used.

According to the above-described embodiments of the
present invention, by adaptively selecting a shortening/
puncturing rate based on channel status information required
in a broadcasting/communication system, similar perfor-
mance is maintained, regardless of a length of an informa-
tion word, thereby maintaining system stability.

While the present invention has been particularly shown
and described with reference to certain embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims and
their equivalents.

What is claimed is:
1. A method for transmitting information in a broadcast-
ing/communication system, the method comprising:

comparing a number of bits of an information word to be
transmitted with a predetermined threshold value;

if the number of bits of the information word is less than
the predetermined threshold value, obtaining a prede-
termined first parameter pair comprising a first ratio
and a first correction factor;

if the number of bits of the information word is not less
than the predetermined threshold value, obtaining a
predetermined second parameter pair comprising a
second ratio and a second correction factor;

determining a number of bits to be punctured based on
one of the first parameter pair and the second parameter
pair; and

puncturing the determined number of bits to be punctured,
with respect to parity bits of a codeword generated by
encoding the information word,
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wherein each of the first ratio and the second ratio is a
ratio of a number of bits to be shortened to the number
of bits to be punctured, and

wherein the number of bits to be punctured is determined
based on a value calculated by applying one of the first
parameter pair and the second parameter pair to a
difference between a number of input bits for an
encoder and a number of bits of the information word.

2. The method of claim 1, wherein determining the

number of bits to be punctured comprises:

calculating a temporary number of bits to be punctured
based on one of the first parameter pair and the second
parameter pair;

calculating a temporary number of encoded bits based on
the calculated temporary number of bits to be punc-
tured;

calculating a final number of encoded bits based on the
temporary number of encoded bits and a modulation
order; and

determining the number of bits to be punctured based on
the temporary number of bits to be punctured, the
temporary number of encoded bits, and the final num-
ber of encoded bits.

3. The method of claim 2, wherein the temporary number

of bits to be punctured is determined by:

If Kgg < 1350, [1.3X (Kpep — Kaig) + 3357

Npunc_temp = ,
punc_temp { L1.35 X (Kpen — Ksig) + 3320]

Otherwise,

wherein N,,,,.... ,.,,,, indicates the temporary number of bits
to be punctured, K, _,, indicates an input bit length of a
Bose, Chaudhuri, Hocquenghem (BCH) encoder, K,
indicates the number of bits of the information word,
(1.3, 3357) indicates the first parameter pair, (1.35,
3320) indicates the second parameter pair, and the
predetermined threshold value is 1350.
4. The method of claim 1, further comprising:
determining at least one third parameter for determining
an additional parity bit length;
determining the additional parity bit length based on the
at least one third parameter; and
encoding the information word to generate additional
parity bits based on the additional parity bit length.
5. The method of claim 4, wherein the at least one third
parameter includes a ratio of a number of first parity bits
transmitted in a frame transmitting the information word to
the number of additional parity bits, or a number of first
parity bits, N, ;i
6. The method of claim 4, wherein the additional parity bit
length is determined by:

Nadd,pariry,remp
— | X 2T]MOD >

Nada_pariy = [ 2nmop

where 1,,,, indicates a modulation order, which is 1, 2,
4, and 6 for Binary Phase Shift Keying (BPSK),
Quadrature PSK (QPSK), 16-ary Quadrature Ampli-
tude Modulation (16-QAM), and 64-ary QAM (64-
QAM), respectively, and N, is determined
by:

add_parity_temp

Ndd

add_parity_temp

Npune) D),

=min((N,, N,

arity” * ¥ punc.

9L 0.35XK (N i
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where N,,,,,,, indicates the number of parity bits, N,
indicates the number of bits to be punctured, and K
indicates an additional parity ratio.
7. An apparatus for transmitting information in a broad-
casting/communication system, the apparatus comprising:
an encoder for encoding an information word to be
transmitted and outputting a codeword;

a controller for comparing a number of bits of the infor-
mation word with a predetermined threshold value,
obtaining a predetermined first parameter pair compris-
ing a first ratio and a first correction factor, if the
number of bits of the information word is less than the
threshold value, obtaining a predetermined second
parameter pair comprising a second ratio and a second
correction factor, if the number of bits of the informa-
tion word is not less than the threshold value, and
determining a number of bits to be punctured, based on
one of the first parameter pair and the second parameter
pair; and

a puncturer for puncturing the determined number of bits
to be punctured, with respect to parity bits of the
codeword,

wherein each of the first ratio and the second ratio is a
ratio of a number of bits to be shortened to the number
of bits to be punctured, and

wherein the number of bits to be punctured is determined
based on a value calculated by applying one of the first
parameter pair and the second parameter pair to a
difference between a number of input bits for an
encoder and a number of bits of the information word.

8. The apparatus of claim 7, wherein the controller

determines the number of bits to be punctured by calculating
a temporary number of bits to be punctured, based on one of
the first parameter pair and the second parameter pair,
calculating a temporary number of encoded bits by using the
calculated temporary number of bits to be punctured, cal-
culating a final number of encoded bits by using the tem-
porary number of encoded bits and a modulation order, and
determines the number of bits to be punctured, based on the
temporary number of bits to be punctured, the temporary
number of encoded bits, and the final number of encoded
bits.

9. The apparatus of claim 8, wherein the temporary

number of bits to be punctured is determined by:

unc

If Kyg <1350, [1.3X (Kpep — Kaig) + 3357
Npunc_temp = . ,
punc_temp { Otherwise, | 1.35 X (Kpen — Kyig) +3320]
whereinN,,,... ..., indicates the temporary number of bits

to be punctured, K, _, indicates an input bit length of a

Bose, Chaudhuri, Hocquenghem (BCH) encoder, K,
indicates the number of bits of the information word,
(1.3, 3357) indicates the first parameter pair, (1.35,
3320) indicates the second parameter pair, and the
predetermined threshold value is 1350.

10. The apparatus of claim 7, wherein the controller
determines at least one third parameter for determining an
additional parity bit length, determines the additional parity
bit length based on the at least one third parameter, and
controls the encoder to encode the information word based
on the additional parity bit length to generate additional
parity bits.

11. The apparatus of claim 10, wherein the at least one
third parameter comprises at least one of:
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a ratio of a number of first parity bits transmitted in a
frame transmitting the information word to the number
of additional parity bits; and

a number of first parity bits, Ny, .0

12. The apparatus of claim 10, wherein the additional

parity bit length is determined by:

Nadd_pari
_parity_temp
- inMODa

Nadt_partey = [ 2nmop

where 1, indicates a modulation order which is 1, 2,
4, and 6 for Binary Phase Shift Keying (BPSK),
Quadrature PSK (QPSK), 16-ary Quadrature Ampli-
tude Modulation (16-QAM), and 64-ary QAM (64-
QAM), respectively, and N, is determined

add_parity_temp

by:
Noda_parisy_somp= M Npariny=Nprn | 035K N i~

punc)])>

where N, indicates the number of parity bits, N,
indicates the number of bits to be punctured, and K
indicates an additional parity ratio.

13. A method for receiving information in a broadcasting/

communication system, the method comprising:

comparing a number of bits of an information word
transmitted by a transmission end with a predetermined
threshold value;

obtaining a predetermined first parameter pair comprising
a first ratio and a first correction factor, if the number
of bits of the information word is less than the prede-
termined threshold value;

obtaining a predetermined second parameter pair com-
prising a second ratio and a second correction factor, if
the number of bits of the information word is not less
than the predetermined threshold value;

determining a number of bits to be punctured, based on
one of the first parameter pair and the second parameter
pair;

generating values corresponding to bits punctured by the
transmission end and padding the generated values to a
modulated signal of a received signal to generate a
decoder input by using the determined number of bits
to be punctured; and

decoding the decoder input to reconstruct information
word bits,

wherein each of the first ratio and the second ratio is a
ratio of a number of bits to be shortened to the number
of bits to be punctured, and

wherein the number of bits to be punctured is determined
based on a value calculated by applying one of the first
parameter pair and the second parameter pair to a
difference between a number of input bits for an
encoder and a number of bits of the information word.

14. The method of claim 13, wherein determining the

number of bits to be punctured comprises:

calculating a temporary number of bits to be punctured
based on one of the first parameter pair and the second
parameter pair;

calculating a temporary number of encoded bits based on
the calculated temporary number of bits to be punc-
tured;

calculating a final number of encoded bits based on the
temporary number of encoded bits and a modulation
order; and

unc
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determining the number of bits to be punctured based on
the temporary number of bits to be punctured, the
temporary number of encoded bits, and the final num-
ber of encoded bits.
15. The method of claim 14, wherein the temporary
number of bits to be punctured is determined by:

If Kyg <1350, [1.3X (Kpep — Kaig) + 3357
Npunc_temp = . )
punc_temp { Otherwise, | 1.35 X (Kpep, — Ksjg) + 3320)
whereinN,,,... ..., indicates the temporary number of bits

to be punctured, K,_,. indicates an input bit length of a

Bose, Chaudhuri, Hocquenghem (BCH) encoder, K,
indicates the number of bits of the information word,
(1.3, 3357) indicates the first parameter pair, (1.35,
3320) indicates the second parameter pair, and the
predetermined threshold value is 1350.

16. The method of claim 13, further comprising:

determining at least one third parameter for determining

an additional parity bit length;

determining the additional parity bit length based on the

at least one third parameter; and

generating values corresponding to bits additionally punc-

tured by the transmission end by using the additional
parity bit length and padding the generated values
corresponding to the additionally punctured bits to the
modulated signal of the received signal to generate the
decoder input.

17. The method of claim 16, wherein the at least one third
parameter includes at least one of a ratio of the number of
first parity bits transmitted in a frame transmitting the
information word to the number of additional parity bits, and
a number of first parity bits, N, .-

18. The method of claim 16, wherein the additional parity
bit length is determined by:

N, add_parity_temp
— | X 2T]MOD >

Nodt_pariy = [ 2nmop

where M,,,p indicates a modulation order which is 1, 2,
4, and 6 for Binary Phase Shift Keying (BPSK),
Quadrature PSK (QPSK), 16-ary Quadrature Ampli-
tude Modulation (16-QAM), and 64-ary QAM (64-
QAM), respectively, and N, is determined
by:

add_parity_temp

N, add.

|_parity_temp

‘punc) 1)>

(N iy Npn)-L0. 35K N~

where N,,,,,,,, indicates the number of parity bits, N,,,,.
indicates the number of bits to be punctured, and K
indicates an additional parity ratio.

19. An apparatus for receiving information in a broad-

casting/communication system, the apparatus comprising:

a demodulator for demodulating a received signal;

a controller for obtaining information about a number of
bits of an information word transmitted from a trans-
mission end, comparing the number of bits of the
information word transmitted by the transmission end
with a predetermined threshold value, obtaining a pre-
determined first parameter pair comprising a first ratio
and a first correction factor, if the number of bits of the
information word is less than the predetermined thresh-
old value, obtaining a predetermined second parameter
pair comprising a second ratio and a second correction
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factor, if the number of bits of the information word is
not less than the predetermined threshold value, and
determining a number of bits to be punctured, based on
one of the first parameter pair and the second parameter
pair;

a puncturing processor for generating values correspond-
ing to the bits punctured by the transmission end by
using the determined number of bits to be punctured,
and padding the generated values to an output signal of
the demodulator; and

a decoder for receiving and decoding output values of the
puncturing processor to reconstruct information word
bits,

wherein each of the first ratio and the second ratio is a
ratio of a number of bits to be shortened to the number
of bits to be punctured; and

wherein the number of bits to be punctured is determined
based on a value calculated by applying one of the first
parameter pair and the second parameter pair to a
difference between a number of input bits for an
encoder and a number of bits of the information word.

20. The apparatus of claim 19, wherein the controller

calculates a temporary number of bits to be punctured using
one of the first parameter pair and the second parameter pair,
calculates a temporary number of encoded bits using the
calculated temporary number of bits to be punctured, cal-
culates a final number of encoded bits using the temporary
number of encoded bits and a modulation order, and deter-
mines the number of bits to be punctured based on the
temporary number of bits to be punctured, the temporary
number of encoded bits, and the final number of encoded
bits.

21. The apparatus of claim 20, wherein the temporary

number of bits to be punctured is determined by:

If Kug < 1350, [ 1.3X (Kpen — Kauig) + 3357
Npunc_temp = . ,
punc_temp { Otherwise, | 1.35 X (Kpen — Ksig) + 3320]
whereinN,,,,,.. ..., indicates the temporary number of bits

to be punctured, K, _, indicates an input bit length of a

Bose, Chaudhuri, Hocquenghem (BCH) encoder, K,
indicates the number of bits of the information word,
(1.3, 3357) indicates the first parameter pair, (1.35,
3320) indicates the second parameter pair, and the
predetermined threshold value is 1350.

22. The apparatus of claim 19, wherein the controller
determines at least one third parameter for determining an
additional parity bit length, determines the additional parity
bit length based on the at least one third parameter, and
controls the puncturing processor to generate values corre-
sponding to bits additionally punctured by the transmission
end by using the additional parity bit length and pad the
generated values corresponding to the additionally punc-
tured bits to the modulated signal of the received signal to
generate a decoder input.

23. The apparatus of claim 22, wherein the at least one
third parameter comprises at least one of:

a ratio of a number of first parity bits transmitted in a
frame transmitting the information word to the number
of additional parity bits; and

a number of first parity bits, Ny, .0

24. The apparatus of claim 22, wherein the additional
parity bit length is determined by:
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Nadd_pari
_parity_temp
| X 2T]MOD .

Nodt porty = [ 2nmop

where M,,,p indicates a modulation order which is 1, 2,
4, and 6 for Binary Phase Shift Keying (BPSK),
Quadrature PSK (QPSK), 16-ary Quadrature Ampli-
tude Modulation (16-QAM), and 64-ary QAM (64-

SAM), respectively, and Ny paripy_emp 18 determined
y:

Noda_parizy_iomp= (N pariny=Npiune),| 0-35%K-

(parieNpunc) >
where N,,,,,,,, indicates the number of parity bits, N,,,,.
indicates the number of bits to be punctured, and K 15
indicates an additional parity ratio.
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